TITLE OF THE INVENTION 

Nitride -Based Semiconductor Element and Method of 
Forming Nitride -Based Semiconductor 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a nitride-based 
semiconductor element and a method of forming a nitride - 
based semiconductor, and more specifically, it relates to 
a nitride-based semiconductor element including a nitride- 
based semiconductor layer formed by epitaxial lateral 
overgrowth and a method of forming a nitride-based 
semiconductor . 

Description of the Prior Art 

In recent years, a nitride-based semiconductor 
element utilizing a group III nitride-based semiconductor 
is actively developed as a semiconductor element employed 
for a semiconductor light -emit ting device such as a light - 
emitting diode device or a semiconductor laser device or 
an electronic device such as a transistor. In order to 
fabricate such a nitride-based semiconductor element, a 
nitride -based semiconductor layer is epitaxially grown on 
a substrate consisting of sapphire or the like. 

In this case, the substrate of sapphire or the like 
and the nitride -based semiconductor layer have different 
lattice constants and hence the nitride -based 



semiconductor layer grown on the substrate of sapphire or 
the like has dislocations (lattice defects) vertically 
extending from the substrate to the surface of the 
semiconductor layer. Such dislocations in the nitride- 
based semiconductor layer result in deterioration of the 
element characteristics of the semiconductor element and 
reduction of the reliability thereof. 

As a method of reducing the density of the 
aforementioned dislocations in the nitride-based 
semiconductor layer, epitaxial lateral growth is generally 
proposed. This epitaxial lateral growth is disclosed in 
International Workshop on Nitride Semiconductors -IWN2000-, 
Nagoya, Japan, 2000, p. 79, for example. 

Figs. 29 to 33 are sectional views for illustrating a 
conventional method of forming a nitride -based 
semiconductor employing epitaxial lateral overgrowth. The 
conventional method of forming a nitride-based 
semiconductor employing epitaxial lateral overgrowth is 
now described with reference to Figs. 29 to 33. 

First, a GaN layer 102 for serving as an underlayer 
is formed on a substrate 101 consisting of sapphire or SiC, 
as shown in Fig. 29. Then, mask layers 103 are formed on 
prescribed regions of the GaN layer 102. 

Then, portions of the GaN layer 102 located under 
regions formed with no mask layers 103 are removed by 



etching while etching the substrate 101 by a thickness in 
the range not reaching the bottom surface thereof through 
the mask layers 103 serving for etching in this process. 
Thus, the substrate 101 is brought into a ridged shape, 
while stripe -patterned GaN layers 102 to be in contact 
substantially with the overall upper surfaces of 
projection potions of the substrate 101, as shown in Fig. 
30. 

Then, undoped GaN layers 104 are re-grown from 
exposed side surfaces, serving as seed crystals, of the 
GaN layers 102, as shown in Fig. 31. The undoped GaN 
layers 104 are laterally grown in an initial stage. From 
the state shown in Fig. 31, the undoped GaN layers 104 are 
grown upward while laterally growing on the mask layers 
103 serving for selective growth in this process, as shown 
in Fig. 32. At this time, voids 105 are formed between the 
undoped GaN layers 104 and the bottom surfaces of recess 
portions of the substrate 101. The undoped GaN layers 104 
laterally growing on the mask layers 103 coalesce into a 
continuous undoped GaN layer 104 having a flattened 
surface, as shown in Fig. 33. 

In the conventional method of forming a nitride-based 
semiconductor, as hereinabove described, the undoped GaN 
layer 102 is formed by epitaxial lateral overgrowth from 
the exposed side surfaces of the GaN layers 102 serving as 



seed crystals, whereby lattice defects are scarcely 
propagated from the GaN layers 102 to a portion around the 
surface of the undoped GaN layer 104. Thus, the undoped 
GaN layer 104 reduced in dislocation density is obtained. 
When a nitride-based semiconductor element layer (not 
shown) having an element region is formed on such an 
undoped GaN layer 104 reduced in dislocation density, a 
nitride-based semiconductor element having excellent 
crystallinity can be formed. 

In the aforementioned conventional method of forming 
a nitride-based semiconductor employing epitaxial lateral 
overgrowth, however, the substrate 101 is brought into the 
ridged shape by removing the portions of the GaN layers 

102 located under the regions formed with no mask layers 

103 by etching and thereafter further etching the 
substrate 101. In general, therefore, the layers GaN 102, 
which are hardly etched nitride-based semiconductor layers, 
must be etched along the overall thicknesses thereof while 
the surface of the substrate 101 must also be etched. Thus, 
the etching time for bringing the substrate 101 into the 
ridged shape is disadvantageously increased. Consequently, 
the nitride-based semiconductor is disadvantageously 
reduced in mass productivity. 

In the aforementioned conventional method of forming 
a nitride-based semiconductor employing epitaxial lateral 



overgrowth, further, the undoped GaN layer 104 Is formed 
by growing the GaN layers 102 serving as underlayers on 
the substrate 101 and thereafter epitaxially laterally 
overgrowing the GaN layers 102. Therefore, this method 
requires two crystal growth steps for the GaN layers 102 
and the undoped GaN layer 104. In general, therefore, the 
nitride-based semiconductor is reduced in mass 
productivity also in this point . 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
nitride-based semiconductor element having superior mass 
productivity and excellent element characteristics. 

Another object of the present invention is to provide 
a method of forming a nitride-based semiconductor capable 
of obtaining a nitride -based semiconductor layer having 
excellent mass productivity and low dislocation density. 

A nitride -based semiconductor element according to a 
first aspect of the present invention comprises a 
substrate comprising a surface having projection portions, 
a mask layer formed to be in contact with only the 
projection portions of the surface of the substrate, a 
first nitride-based semiconductor layer formed on recess 
portions of the substrate and the mask layer, and a 
nitride-based semiconductor element layer, formed on the 
first nitride-based semiconductor layer, having an element 



region. 

The nitride -based semiconductor element according to 
the first aspect is provided with the substrate comprising 
a surface having projection portions and the mask layer 
formed to be in contact with only the projection portions 
of the surface of the substrate as hereinabove described, 
whereby the first nitride-based semiconductor layer having 
low dislocation density can be readily formed on the 
recess potions of the substrate and the mask layer through 
the mask layer serving for selective growth. When the 
nitride-based semiconductor element layer having the 
element region is grown on the first nitride-based 
semiconductor layer having low dislocation density, a 
nitride-based semiconductor element having excellent 
element characteristics can be readily obtained. Further, 
only the surface of the substrate may be etched for 
forming the projection portions. Thus, the etching time 
for forming the projection portions can be reduced. 
According to the first aspect, further, the first nitride- 
based semiconductor layer can be formed through single 
growth on the substrate. Consequently, a nitride-based 
semiconductor element having excellent mass productivity 
can be obtained. 

In the aforementioned nitride-based semiconductor 
element according to the first aspect, the substrate 



preferably includes a substrate selected from a group 
consisting of a sapphire substrate, a spinel substrate, an 
Si substrate, an SiC substrate, a GaN substrate, a GaAs 
substrate, a GaP substrate, an InP substrate, a ZrBz 
substrate and a quartz substrate. In this case, the 
substrate preferably includes a sapphire substrate, while 
the mask layer and the projection portions of the surface 
of the substrate are preferably formed in the shape of 
stripes being parallel to the [1-100] direction of the 
sapphire substrate. The substrate preferably includes an 
Si substrate, and the mask layer and the projection 
portions of the surface of the substrate are preferably 
formed in the shape of stripes being parallel to the [1- 
10] direction of the Si substrate. 

The aforementioned nitride -based semiconductor 
element according to the first aspect preferably further 
comprises a buffer layer formed on the interface between 
the recess portions of the substrate and the first 
nitride-based semiconductor layer. According to this 
structure, the first nitride-based semiconductor layer 
having lower dislocation density can be formed on the 
buffer layer. 

A nitride -based semiconductor element according to a 
second aspect of the present invention comprises an 
underlayer, formed on a substrate, consisting of a 



nitride-based semiconductor and comprising a surface 
having projection portions, a mask layer formed to be in 
contact with only the projection portions of the surface 
of the underlayer, a first nitride-based semiconductor 
5 layer formed on recess portions of the under layer and the 
mask layer, and a nitride -based semiconductor element 
layer, formed on the first nitride-based semiconductor 

G layer, having an element region. 
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comprising the surface having the projection portions and 
the mask layer formed to be in contact with only the 
projection portions of the surface of the underlayer as 
described above, whereby the first nitride-based 
semiconductor layer having low dislocation density can be 
readily formed on the recess portions of the underlayer 
and the mask layer through the mask layer serving for 
selective growth. VJhen the nitride-based semiconductor 
element layer having the element region is grown on the 
first nitride-based semiconductor layer having low 
dislocation density, a nitride-based semiconductor element 
having excellent element characteristics can be readily 
obtained. Only the surface of the underlayer consisting of 
a nitride-based semiconductor may be etched for forming 
the projection portions on the surface. Thus, the etching 



time for forming the projection portions on the surface 
can be reduced, and a nitride -based semiconductor element 
having excellent mass productivity can be obtained as a 
result . 

The aforementioned nitride-based semiconductor 
element according to the second aspect preferably further 
comprises a buffer layer formed between the substrate and 
the underlayer. According to this structure, the 
underlayer consisting of a nitride-based semiconductor 
having low dislocation density can be readily formed on 
the buffer layer. 

In the aforementioned nitride -based semiconductor 
element according to the second embodiment, the substrate 
preferably includes a substrate selected from a group 
consisting of a sapphire substrate, a spinel substrate, an 
Si substrate, an SiC substrate, a GaAs substrate, a GaP 
substrate, an InP substrate, a ZrB2 substrate and a quartz 
substrate . 

In the aforementioned nitride -based semiconductor 
element according to the second aspect, the underlayer 
preferably includes a GaN layer, and the mask layer and 
the projection portions of the surface of the underlayer 
are preferably formed in the shape of stripes being 
parallel to the [11-20] direction or the [1-100] direction 
of the GaN layer. 



A method of forming a nitride -based semiconductor 
according to a third aspect of the present invention 
comprises steps of forming projection portions on a 
surface on a substrate, forming a mask layer to be in 
contact with only the projection portions of the surface 
of the substrate and growing a first nitride-based 
semiconductor layer on recess portions of the substrate 
and the mask layer through the mask layer serving for 
selective growth. 

In the method of forming a nitride -based 
semiconductor according to the third embodiment , the 
surface having the projection portions is formed on the 
substrate while the mask layer is formed to be in contact 
with only the projection portions of the surface of the 
substrate, whereby the first nitride-based semiconductor 
layer having low dislocation density can be readily formed 
on the recess portions of the substrate and the mask layer 
when grown through the mask layer serving for selective 
growth. Further, only the surface of the substrate may be 
etched for forming the projection portions on the surface. 
Thus, the etching time for forming the projection portions 
on the surface can be reduced. According to the third 
aspect, further, the first nitride-based semiconductor 
layer can be formed through single growth on the substrate. 
Consequently, a method of forming a nitride-based 
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semiconductor excellent in mass productivity can be 
obtained. 

The aforementioned method of forming a nitride -based 
semiconductor according to the third aspect preferably 
further comprises a step of forming a buffer layer on the 
recess portions of the substrate in advance of the step of 
growing the first nitride-based semiconductor layer. 
According to this structure, the first nitride-based 
semiconductor layer having lower dislocation density can 
be formed on the buffer layer. 

In the aforementioned method of forming a nitride - 
based semiconductor according to the third aspect, the 
steps of forming the projection portions on the surface on 
the substrate and forming the mask layer preferably 
include a step of forming the mask layer on the surface of 
the substrate and thereafter etching the surface of the 
substrate through the mask layer serving for etching in 
this step thereby simultaneously forming the projection 
portions on the surface of the substrate and the mask 
layer coming into contact with only the projection 
portions of the surface. According to this method, the 
mask layer serving for etching simultaneously serves for 
selective growth, whereby the fabrication process can be 
simplified. 

The aforementioned method of forming a nitride-based 
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semiconductor according to the third aspect preferably 
further comprises a step of growing a nitride -based 
semiconductor element layer having an element region on 
the first nitride-based semiconductor layer. According to 
this structure, the nitride -based semiconductor element 
layer having the element region can be grown on the first 
nitride-based semiconductor layer having low dislocation 
density, whereby a nitride -based semiconductor element 
having excellent element characteristics can be readily 
formed. 

In the aforementioned method of forming a nitride- 
based semiconductor according to the third aspect, the 
substrate preferably includes a substrate selected from a 
group consisting of a sapphire substrate, a spinel 
substrate, an Si substrate, an SiC substrate, a GaN 
substrate, a GaAs substrate, a GaP substrate, an InP 
substrate, a ZrBa substrate and a quartz substrate- In 
this case, the substrate preferably includes a sapphire 
substrate, and the mask layer and the projection portions 
of the surface of the substrate are preferably formed in 
the shape of stripes being parallel to the [1-100] 
direction of the sapphire substrate. Alternatively, the 
substrate preferably includes an Si substrate, and the 
mask layer and the projection portions of the surface of 
the substrate are preferably formed in the shape of 
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stripes being parallel to the [1-10] direction of the Si 
substrate. 

A method of forming a nitride-based semiconductor 
according to a fourth aspect of the present invention 
comprises steps of forming an underlayer consisting of a 
nitride-based semiconductor on a substrate, forming 
projection portions on a surface on the underlayer, 
forming a mask layer to be in contact with only the 
projection portions of the surface of the underlayer and 
growing a first nitride-based semiconductor layer on 
recess portions of the underlayer and the mask layer 
through the mask layer serving for selective growth. 

In the method of forming a nitride-based 
semiconductor according to the fourth aspect, the surface 
having the projection portions is formed on the underlayer 
consisting of a nitride-based semiconductor layer provided 
on the substrate while the mask layer is formed to be in 
contact with only the projection portions of the surface 
of the underlayer, whereby the first nitride-based 
semiconductor layer having low dislocation density can be 
readily formed on the recess portions of the underlayer 
and the mask layer when grown through the mask layer 
serving for selective growth. Further, only the surface of 
the underlayer consisting of a nitride-based semiconductor 
may be etched for forming the projection portions on the 
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surface. Thus, the etching time for forming the projection 
portions on the surface can be reduced, and a method of 
forming a nitride -based semiconductor having excellent 
mass productivity can be provided as a result . 

The aforementioned method of forming a nitride-based 
semiconductor according to the fourth aspect preferably 
further comprises a step of forming a buffer layer on the 
substrate in advance of the step of forming the underlayer 
consisting of a nitride-based semiconductor. According to 
this structure, the underlayer consisting of a nitride- 
based semiconductor having low dislocation density can be 
readily formed on the buffer layer. 

In the aforementioned method of forming a nitride - 
based semiconductor according to the fourth aspect, the 
steps of forming the projection portions on the surface on 
the underlayer and forming the mask layer preferably 
include a step of forming the mask layer on the surface of 
the underlayer and thereafter etching the surface of the 
underlayer through the mask layer serving for etching in 
this step thereby simultaneously forming the projection 
portions on the surface of the underlayer and the mask 
layer coming into contact with only the projection 
portions of the surface. According to this method, the 
mask layer serving for etching simultaneously serves for 
selective growth, whereby the fabrication process can be 
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simplified. 

The aforementioned method of forming a nitride-based 
semiconductor according to the fourth aspect preferably 
further comprises a step of growing a nitride -based 
semiconductor element layer having an element region on 
the first nitride-based semiconductor layer. According to 
this structure, the nitride -based semiconductor element 
layer having the element region can be grown on the first 
nitride -based semiconductor layer having low dislocation 
density, whereby a nitride-based semiconductor element 
having excellent element characteristics can be readily 
formed. 

In the aforementioned method of forming a nitride- 
based semiconductor according to the fourth aspect, the 
substrate preferably includes a substrate selected from a 
group consisting of a sapphire substrate, a spinel 
substrate, an Si substrate, an SiC substrate, a GaAs 
substrate, a GaP substrate, an InP substrate, a ZrB2 
substrate and a quartz substrate - 

In the aforementioned method of forming a nitride - 
based semiconductor according to the fourth aspect, the 
underlayer preferably includes a GaN layer, and the mask 
layer and the projection portions of the surface of the 
underlayer are preferably formed in the shape of stripes 
being parallel to the [11-20] direction or the [1-100] 
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direction of the GaN layer. 

The foregoing and other objects, features, aspects 
and advantages of the present Invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings . 
BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 6 are sectional views for illustrating a 
method of forming a nitride-based semiconductor according 
to a first embodiment of the present invention; 

Fig. 7 is a perspective view showing a semiconductor 
laser device fabricated with the method of forming a 
nitride-based semiconductor according to the first 
embodiment of the present invention; 

Figs. 8 to 13 are sectional views for illustrating a 
method of forming a nitride -based semiconductor according 
to a second embodiment of the present invention; 

Fig. 14 is a perspective view showing a semiconductor 
laser device fabricated with the method of forming a 
nitride-based semiconductor according to the second 
embodiment of the present invention; 

Figs. 15 to 20 are sectional views for illustrating a 
method of forming a nitride-based semiconductor according 
to a third embodiment of the present invention; 

Fig. 21 is a perspective view showing a semiconductor 
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laser device fabricated with the method of forming a 
nitride-based semiconductor according to the third 
embodiment of the present invention; 

Figs. 22 to 27 are sectional views for illustrating a 
method of forming a nitride -based semiconductor according 
to a fourth embodiment of the present invention; 

Fig. 28 is a perspective view showing a semiconductor 
laser device fabricated with the method of forming a 
nitride -based semiconductor according to the fourth 
embodiment of the present invention; and 

Figs. 29 to 33 are sectional views for illustrating a 
conventional method of forming a nitride-based 
semiconductor . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are now 

described with reference to the drawings. 
(First Embodiment) 

A method of forming a nitride -based semiconductor 
according to a first embodiment of the present invention 
is described with reference to Figs . 1 to 6 . 

First, striped mask layers 2 of SiOa having a 
thickness of about 0.5 fjun are formed on a sapphire (0001) 
plane substrate 1 (hereinafter referred to as "sapphire 
substrate 1"). as shown in Fig. 1, The stripe patterns of 
the mask layers 2 are formed in a cycle of about 7 [Jim so 
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that the width of the mask layers 2 is about 5 (xm and the 
interval between each adjacent pair of mask layers 2 (the 
width of mask openings) is about 2 \m. The striped mask 
layers 2 are formed in parallel to the [1-100] direction 
of the sapphire substrate 1. The sapphire substrate 1 is 
an example of the "substrate" according to the present 
invention. 

The mask layers 2 are employed as masks for etching 
the surface of the sapphire substrate 1 by a thickness of 
about 1 jjun through RIE (reactive ion etching) or the like. 
Thus, the surface of the sapphire substrate 1 is brought 
into an uneven shape , as shown in Fig . 2 . The shape of the 
projection portions varies with etching conditions, such 
that upper parts of recess portions may be larger or 
smaller in width than bottom parts thereof. In the 
following description, side surfaces of the recess 
portions of the etched sapphire substrate 1 are nearly 
perpendicular to the upper surface of projection portions 
of the sapphire substrate 1. The uneven surface of the 
sapphire substrate 1 has ridges of a height of about 1 \m 
and grooves of a terrace width of about 2 ^un, and they are 
formed in parallel to the [1-100] direction of the 
sapphire substrate 1. 

Then, low- temperature buffer layers 3 of GaN having a 
thickness of about 15 nm are grown by a crystal growth 
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method such as MOVPE (metal organic vapor phase epitaxy) 
to be in contact substantially with the overall bottom 
surfaces of the recess portions of the sapphire substrate 
1, as shown in Fig. 3. In this case, the low- temperature 
5 buffer layers 3 are hardly formed on the mask layers 2 
consisting of SiOa. Alternatively, the low- temperature 
buffer layers 3 may be formed not only on the bottom 
O surfaces but also on the side surfaces of the recess 

m 

y> portions. The low- temperature buffer layers 3 may not be 

p 10 formed on the overall bottom surfaces of the recess 



portions but may be partially formed on the bottom 
surfaces of the recess portions. The low- temperature 
buffer layers 3 are examples of the "buffer layer" 
according to the present invention. 

Then, undoped GaN layers 4 are grown on the low- 
temperature buffer layers 3 consisting of GaN. In this 
case, the low -temperature buffer layers 3 and the undoped 
GaN layers 4 are successively grown without taking the 
sapphire substrate 1 out of the growth apparatus. In an 
initial stage, the undoped GaN layers 4 are vertically 
(upwardly) grown on the low- temperature buffer layers 3. 
If the low- temperature buffer layers 3 are formed on the 
side surfaces of the recess portions, the undoped GaN 
layers 4 are grown laterally from the low- temperature 
buffer layers 3 formed on the side surfaces. When this 



growth is further continued, undoped GaN layers 4 having 
facets on side surfaces thereof are formed on the recess 
portions, as shown in Fig. 4. The undoped GaN layers 4 are 
examples o£ the "first nitride-based semiconductor layer" 
according to the present invention. 

From the state shown in Fig. 4, the undoped GaN 
layers 4 are laterally grown on the mask layers 2, as 
shown in Fig. 5. The undoped GaN layers 4 laterally grown 
on the mask layers 2 coalesce into a continuous undoped 
GaN layer 4 of about 5 jrni in thickness having a flattened 
surface, as shown in Fig. 6. 

In the method of forming a nitride-based 
semiconductor according to the first embodiment, the 
undoped GaN layers 4 are grown from the recess portions of 
the sapphire substrate 1 as hereinabove described, whereby 
dislocations of the undoped GaN layers 4 are bent in the 
in-plane direction of the (0001) plane of the undoped GaN 
layers 4 when the undoped GaN layers 4 are laterally grown 
from the low- temperature buffer layers 3 formed on the 
side surfaces of the recess portions or on the mask layers 
2. Thus, the dislocation density can be reduced around the 
surfaces of the undoped GaN layers 4 . 

In the method of forming a nitride-based 
semiconductor according to the first embodiment, the 
surface of the sapphire substrate 1 is brought into an 
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uneven shape as hereinabove described, whereby only the 
surface of the sapphire substrate 1 may be etched through 
the mask layers 2 serving for etching. Thus, the etching 
time for forming the projection portions on the surface on 
the sapphire substrate 1 can be reduced as compared with 
the conventional process of forming the projection 
portions on the surface shown in Fig. 30. Consequently, a 
method of forming a nitride-based semiconductor having 
excellent mass productivity can be obtained. 

In the method of forming a nitride-based 
semiconductor according to the first embodiment, growth of 
the low- temperature buffer layers 3 of GaN formed on the 
recess portions of the sapphire substrate 1 and selective 
growth of the undoped GaN layer 4 are successively 
performed without taking the sapphire substrate 1 out of 
the growth apparatus, as hereinabove described. Thus, the 
undoped GaN layer 4 having low dislocation density can be 
formed through a single growth step. A method of forming a 
nitride-based semiconductor having excellent mass 
productivity can be obtained also in this point. 

In the method of forming a nitride-based 
semiconductor according to the first embodiment, further, 
the undoped GaN layer 4 is grown on the low- temperature 
buffer layers 3 provided on the sapphire substrate 1 , 
whereby the undoped GaN layer 4 can be grown in lower 



dislocation density as compared with that directly grown 
on the sapphire substrate 1. 

Fig. 7 is a perspective view showing a semiconductor 
laser device fabricated with the aforementioned method of 
forming a nitride-based semiconductor according to the 
first embodiment. The structure of the semiconductor laser 
device fabricated with the method of forming a nitride - 
based semiconductor according to the first embodiment is 
now described with reference to Fig. 7. 

In the structure of the semiconductor laser device 
according to the first embodiment, an n-type contact layer 
5 of n-type GaN having a thickness of about 4 jim is formed 
on the undoped GaN layer 4 according to the first 
embodiment shown in Fig. 6, as shown in Fig. 7. An anti- 
cracking layer 6 of n-type AlGaInN having a thickness of 
about 0.1 jun. an n-type second cladding layer 7 of n-type 
AlGaN having a thickness of about 0.45 \mi, an n-type first 
cladding layer 8 of n-type GaN having a thickness of about 
50 nm (about 0.05 \m) and a multiple quantum well (MQW) 
emission layer 9 of GaInN are successively formed on the 
n-type contact layer 5. The MQW emission layer 9 is formed 
by alternately stacking five undoped GaN barrier layers of 
about 4 nm in thickness and four compressive strain 
undoped GaInN well layers of about 4 nm in thickness. 

A p-type first cladding layer 10 of p-type GaN having 
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a thickness of about 40 nm (about 0.04 ym) is formed on 
the MQW emission layer 9. A mesa (trapezoidal) p-type 
second cladding layer 11 of p-type AlGaN having a height 
of about 0.45 [m is formed on the p-type first cladding 
layer 10. Current blocking layers 12 of n-type GaN having 
a thickness of about 0.2 pun are formed to cover regions on 
the p-type first cladding layer 10 other than that formed 
with the p-type second cladding layer 11 and the side 
surfaces of the mesa p-type second cladding layer 11 while 
exposing the upper surface of the p-type second cladding 
layer 11. A p-type contact layer 13 of p-type GaN having a 
thickness of about 3 fAm to about 5 pun is formed on the 
current blocking layers 12 to be in contact with the 
exposed upper surface of the p-type second cladding layer 
11. 

The layers from the p-type contact layer 13 to the n- 
type contact layer 5 are partially removed. Protective 
films 14 of an insulator such as SiOz or SiN are formed to 
cover parts of the exposed surface of the n-type contact 
layer 5 and the exposed side surfaces of the anti-cracking 
layer 6, the n-type second cladding layer 7, the n-type 
first cladding layer 8, the MQW emission layer 9, the p- 
type first cladding layer 10, the current blocking layers 
12 and the p-type contact layer 13. 

A p-side electrode 15 is formed on the upper surface 
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of the p-type contact layer 13 while an n-side electrode 
16 is formed on the partially removed and exposed surface 
of the n-type contact layer 5. 

The n-type contact layer 5, the anti-cracking layer 6, 
the n-type second cladding layer 7, the n-type first 
cladding layer 8, the MQW emission layer 9, the p-type 
first cladding layer 10, the p-type second cladding layer 
11, the current blocking layers 12 and the n-type contact 
layer 13 are examples of the "nitride -based semiconductor 
element layer having an element region" according to the 
present invention. 

In the semiconductor laser device according to the 
first embodiment, the undoped GaN layer 4 having excellent 
mass productivity and low dislocation density formed by 
the method of forming a nitride-based semiconductor 
according to the first embodiment shown in Fig. 1 to 6 is 
employed as an underlayer for forming the layers 5 to 13 
thereon as hereinabove described, whereby excellent 
crystallinity can be implemented in the layers 5 to 13. 
Consequently, a semiconductor laser device having 
excellent mass productivity and excellent device 
characteristics can be obtained according to the first 
embodiment . 

( Second Embodiment ) 

Referring to Figs. 8 to 13, an n-type Si (111) plane 
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substrate 21 (hereinafter referred to as "Si substrate 
21") having conductivity is employed in a second 
embodiment of the present invention in place of the 
insulating sapphire substrate 1 in the first embodiment. A 
method of forming a nitride -based semiconductor according 
to the second embodiment is now described with reference 
to Figs. 8 to 13. 

According to the second embodiment, striped mask 
layers 22 of Si02 having a thickness of about 0.5 jAin are 
formed on the n-type Si substrate 21, as shown in Fig. 8. 
The stripe patterns of the mask layers 22 are formed in a 
cycle of about 7 [xai, so that the mask layers 22 are about 
5 t4in in width and the interval between each adjacent pair 
of mask layers 22 (the width of mask openings) is about 2 
\xm. The striped mask layers 22 are formed in parallel to 
the [1-10] direction of the Si substrate 21. The Si 
substrate 21 is an example of the "substrate" according to 
the present invention. 

The mask layers 22 are employed as masks for etching 
the surface of the Si substrate 21 by a thickness of about 
1 ^im through wet etching or the like. Thus, the surface of 
the Si substrate 21 is brought into an uneven shape, as 
shown in Fig. 9. The shape of the projection portions 
varies with etching conditions, such that upper parts of 
recess portions may be larger or smaller in width than 
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bottom parts thereof. In the following description, 
projection portions of the etched Si substrate 21 are in 
the form of a mesa (trapezoid). The uneven surface of the 
Si substrate 21 has ridges of a height of about 1 ixm, and 
they are formed in parallel to the [1-10] direction of the 
Si substrate 21. 

Then, buffer layers 23 of Si-doped AlGaN having a 
thickness of about 15 nm are grovm by a crystal growth 
method such as MOVPE to be in contact substantially with 
the overall bottom surfaces of the recess portions of the 
Si substrate 21, as shown in Fig. 10. In this case, the 
buffer layers 23 are hardly formed on the mask layers 22 
consisting of SiOz. Alternatively, the buffer layers 23 
may be formed not only on the bottom surfaces but also on 
the side surfaces of the recess portions. The buffer 
layers 23 may not be formed on the overall bottom surfaces 
of the recess portions but may be partially formed on the 
bottom surfaces of the recess portions. 

Then, Si-doped GaN layers 24 are grown on the buffer 
layers 23 consisting of Si-doped AlGaN. In this case, the 
buffer layers 23 and the Si -doped GaN layers 24 are 
successively grown without taking the Si substrate 21 out 
of the growth apparatus. In an initial stage, the Si-doped 
GaN layers 24 are vertically (upwardly) grown on the 
buffer layers 23. If the buffer layers 23 are formed on 



the side surfaces of the recess portions, the Si-doped GaN 
layers 24 are grown laterally from the buffer layers 23 
formed on the side surfaces. When this growth is further 
continued. Si-doped GaN layers 24 having facets on side 
surfaces thereof are formed on the recess portions, as 
shown in Fig. 11. The Si-doped GaN layers 24 are examples 
of the "first nitride -based semiconductor layer" according 
to the present invention. 

From the state shown in Fig. 11, the Si-doped GaN 
layers 24 are laterally grown on the mask layers 22, as 
shown in Fig. 12. The Si-doped GaN layers 24 laterally 
grown on the mask layers 22 coalesce into a continuous Si- 
doped GaN layer 24 of about 5 [im in thickness having a 
flattened surface, as shown in Fig. 13. 

In the method of forming a nitride-based 
semiconductor according to the second embodiment, the Si- 
doped GeiN layers 24 are grown from the recess portions of 
the Si substrate 21, whereby dislocations of the Si-doped 
GaN layers 24 are bent in the in-plane direction of the 
(0001) plane of the Si-doped GaN layers 24 when the Si- 
doped GaN layers 24 are laterally grown from the buffer 
layers 23 formed on the side surfaces of the recess 
portions or on the mask layers 22. Thus, the dislocation 
density can be reduced around the surfaces of the Si-doped 
GaN layers 24. 



In the method of forming a nitride -based 
semiconductor according to the second embodiment, the 
surface of the Si substrate 21 is brought into an uneven 
shape similarly to the first embodiment, whereby only the 
surface of the Si substrate 21 may be etched through the 
mask layers 22 serving for etching. Thus, the etching time 
for forming the projection portions on the surface on the 
Si substrate 21 can be reduced as compared with the 
conventional process of forming the projection portions on 
the surface shown in Fig. 30. Consequently, a method of 
forming a nitride-based semiconductor having excellent 
mass productivity can be obtained. 

In the method of forming a nitride-based 
semiconductor according to the second embodiment, growth 
of the buffer layers 23 of Si -doped AlGaN formed on the Si 
substrate 21 and selective growth of the Si-doped GaN 
layer 24 are successively performed without taking the Si 
substrate 21 out of the growth apparatus, similarly to the 
first embodiment. Thus, the Si-doped GaN layer 24 having 
low dislocation density can be formed through a single 
growth step. A method of forming a nitride-based 
semiconductor having excellent mass productivity can be 
obtained also in this point. 

In the method of forming a nitride-based 
semiconductor according to the second embodiment, further, 
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the Si-doped GaN layer 24 is grown on the buffer layers 23 
provided on the Si substrate 21, whereby the Si-doped GaN 
layer 24 can be grown in lower dislocation density as 
compared with that directly grown on the Si substrate 21. 

Fig. 14 is a perspective view showing a semiconductor 
laser device fabricated with the aforementioned method of 
forming a nitride -based semiconductor according to the 
second embodiment. The structure of the semiconductor 
laser device fabricated with the method of forming a 
nitride-based semiconductor according to the second 
embodiment is now described with reference to Fig. 14. 

In the structure of the semiconductor laser device 
according to the second embodiment, an anti-cracking layer 
25 of n-type AlGaInN having a thickness of about 0.1 fm, 
an n-type second cladding layer 26 of n-type AlGaN having 
a thickness of about 0.45 |xm, an n-type first cladding 
layer 27 of n-type GaN having a thickness of about 50 nm 
(about 0.05 \im) and a multiple quantum well (MQW) emission 
layer 28 of GaInN are successively formed on the Si-doped 
GaN layer 24 according to the second embodiment shown in 
Fig. 13, as shown in Fig. 14. The MQW emission layer 28 is 
formed by alternately stacking five undoped GaN barrier 
layers of about 4 nm in thickness and four compressive 
strain undoped GaInN well layers of about 4 nm in 
thickness . 
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A p-type first cladding layer 29 of p-type GaN having 
a thickness of about 40 nm (about 0.04 Mm) is formed on 
the MQW emission layer 28. A mesa (trapezoidal) p-type 
second cladding layer 30 of p-type AlGaN having a height 
of about 0.45 \m is formed on the p-type first cladding 
layer 29. Current blocking layers 31 of n-type GaN having 
a thickness of about 0.2 \xm are formed to cover regions on 
the p-type first cladding layer 29 other than that formed 
with the p-type second cladding layer 30 and the side 
surfaces of the mesa p-type second cladding layer 30 while 
exposing the upper surface of the p-type second cladding 
layer 30. A p-type contact layer 32 of p-type GaN having a 
thickness of about 3 jJim to about 5 is formed on the 
current blocking layers 31 to be in contact with the 
exposed upper surface of the p-type second cladding layer 
30. 

A p-side electrode 33 is formed on a projection 
portion of the p-type contact layer 32 reflecting the mesa 
shape of the p-type second cladding layer 30. According to 
the second embodiment, the Si substrate 21 has 
conductivity dissimilarly to the sapphire substrate 1 
according to the first embodiment, and hence an n-side 
electrode 34 is formed on the back surface of the Si 
substrate 21. 

The anti-cracking layer 25, the n-type second 
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cladding layer 26, the n-type first cladding layer 27, the 
MQW emission layer 28, the p-type first cladding layer 29, 
the p-type second cladding layer 30, the current blocking 
layers 31 and the n-type contact layer 32 are examples of 
the "nitride-based semiconductor element layer having an 
element region" according to the present invention. 

In the semiconductor laser device according to the 
second embodiment, the Si-doped GaN layer 24 having 
excellent mass productivity and low dislocation density 
formed by the method of forming a nitride-based 
semiconductor according to the second embodiment shown in 
Fig. 8 to 13 is employed as an under layer for forming the 
layers 25 to 32 thereon as hereinabove described, whereby 
excellent crystallinity can be implemented in the layers 
25 to 32. Consequently, a semiconductor laser device 
having excellent mass productivity and excellent device 
characteristics can be obtained. 

While the sapphire substrate 1 and the Si substrate 
21 are employed in the aforementioned first and second 
embodiments respectively, for example, the present 
invention is not restricted to this but a spinel substrate, 
an SiC substrate, a GaAs substrate, a GaP substrate, an 
InP substrate, a ZrB2 substrate or a quartz substrate may 
alternatively be employed. 

Further alternatively, a GaN substrate may be 



employed in each of the aforementioned first and second 
embodiments. In this case, the low- temperature buffer 
layers 3 or the buffer layers 23 may not necessarily be 
formed . 

(Third Embodiment) 

Referring to Figs. 15 to 20, epitaxial lateral 
overgrowth is performed through an under layer 43 
comprising a surface having projection portions formed on 
a sapphire (0001) plane substrate 41 (hereinafter referred 
to as "sapphire substrate 41") in a third embodiment of 
the present invention. A method of forming a nitride 
semiconductor according to the third embodiment is now 
described in detail with reference to Figs. 15 to 20. 

First, low -temperature buffer layers 42 of AlGaN 
having a thickness of about 15 nm and the underlayer 43 of 
undoped GaN having a thickness of about 2 im are formed on 
the sapphire substrate 41 by a crystal growth method such 
as MOVPE, as shown in Fig. 15. The sapphire substrate 41 
is an example of the "substrate" according to the present 
invention. The low- temperature buffer layers 42 are 
examples of the "buffer layer" according to the present 
invention. 

Striped mask layers 44 of SiOz having a thickness of 
about 0.5 [ua are formed on the underlayer 43. The stripe 
patterns of the mask layers 44 are formed in a cycle of 
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about 6 jxm so that the width of the mask layers 44 is 
about 5 \m and the interval between each adjacent pair of 
mask layers 44 (the width of mask openings) is about 1 \xm. 
The striped mask layers 44 are formed in parallel to the 
[11-20] direction of the underlayer 43 consisting of GaN. 

The mask layers 44 are employed as masks for etching 
the surface of the underlayer 43 by a thickness of about 1 
fjim through RIE or the like. Thus, the surface of the 
underlayer 43 is brought into an uneven shape, as shown in 
Fig. 16. The shape of the projection portions varies with 
etching conditions, such that upper parts of recess 
portions may be larger or smaller in width than bottom 
parts thereof. In the following description, projection 
portions of the etched underlayer 43 are in the form of a 
mesa (trapezoid). The uneven surface of the underlayer 43 
has ridges of a height of about 1 [xm, and they are formed 
in parallel to the [11-20] direction of the underlayer 43 
consisting of undoped GaN. 

Then, undoped GaN layers 45 are re -grown from the 
bottom and side surfaces, serving as seed crystals, of the 
exposed recess portions of the underlayer 43 consisting of 
undoped GaN, as shown in Fig. 17. In an initial stage, the 
undoped GaN layers 4 5 are vertically (upwardly) grown from 
the bottom surfaces of the recess portions of the 
underlayer 43 and also laterally grown from the side 
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surfaces of the recess portions of the underlayer 43, as 
shown in Figs. 17 and 18. The undoped GaN layers 45 are 
examples of the "first nitride-based semiconductor layer" 
according to the present invention. 

From the state shown in Fig. 18, the undoped GaN 
layers 45 are laterally grown on the mask layers 44, as 
shown in Fig. 19. The undoped GaN layers 45 laterally 
grown on the mask layers 44 coalesce into a continuous 
undoped GaN layer 45 of about 5 nin in thickness having a 
flattened surface, as shown in Fig. 20. 

In the method of forming a nitride -based 
semiconductor according to the third embodiment, the 
undoped GaN layers 45 are grown from the bottom and side 
surfaces, serving as seed crystals, of the recess portions 
of the underlayer 43 consisting of undoped GaN as 
hereinabove described, whereby dislocations of the undoped 
GaN layers 45 are bent in the in -plane direction of the 
(0001) plane of the undoped GaN layers 45 when the undoped 
GaN layers 45 are laterally grown from the side surfaces 
of the recess portions of the underlayer 43 or on the mask 
layers 44. Thus, the dislocation density can be reduced 
around the surfaces of the undoped GaN layers 45. 

In the method of forming a nitride-based 
semiconductor according to the third embodiment, the 
surface of the underlayer 43 is brought into an uneven 
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shape as hereinabove described, whereby only the surface 
of the underlayer 43 may be etched. Thus, the etching time 
for forming the projection portions on the surface on the 
underlayer 43 can be reduced as compared with the 
conventional process of forming the projection portions on 
the surface shown in Fig. 30. Consequently, a method of 
forming a nitride-based semiconductor having excellent 
mass productivity can be obtained similarly to the first 
and second embodiments. 

In the method of forming a nitride-based 
semiconductor according to the third embodiment, the 
underlayer 43 consisting of undoped GaN is grown after 
forming the low- temperature buffer layers 42 on the 
sapphire substrate 41, whereby the underlayer 43 having 
low dislocation density can be readily formed. 

Fig. 21 is a perspective view showing a semiconductor 
laser device fabricated with the aforementioned method of 
forming a nitride-based semiconductor according to the 
third embodiment. The structure of the semiconductor laser 
device fabricated with the method of forming a nitride- 
based semiconductor according to the third embodiment is 
now described with reference to Fig. 21. 

In the structure of the semiconductor laser device 
according to the third embodiment, an n-type contact layer 
5, an anti-cracking layer 6, an n-type second cladding 
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layer 7, an n-type first cladding layer 8, an MQW emission 
layer 9, a p-type first cladding layer 10, a p-type second 
cladding layer 11, current blocking layers 12, a p-type 
contact layer 13 and protective films 14 are formed on the 
undoped layer GaN layer 45 shown in Fig. 20, similarly to 
the first embodiment. The compositions and thicknesses of 
the layers 5 to 13 and the protective films 14 are similar 
to those in the first embodiment . 

A p-side electrode 15 is formed on the upper surface 
of the p-type contact layer 13 while an n-side electrode 
16 is formed on a partially removed and exposed surface of 
the n-type contact layer 5. 

In the semiconductor laser device according to the 
third embodiment, the undoped GaN layer 45 having 
excellent mass productivity and low dislocation density 
formed by the method of forming a nitride -based 
semiconductor according to the third embodiment shown in 
Fig. 15 to 20 is employed as an underlayer for forming the 
layers 5 to 13 thereon as hereinabove described, whereby 
excellent crystallinity can be implemented in the layers 5 
to 13. Consequently, a semiconductor laser device having 
excellent mass productivity and excellent device 
characteristics can be obtained. 
(Fourth Embodiment) 

Referring to Figs. 22 to 27. an n-type SiC (0001) 
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plane substrate 51 {hereinafter referred to as "SiC 
substrate 51") having conductivity is employed in a fourth 
embodiment of the present invention in place of the 
insulating sapphire substrate 41 employed in the third 
5 embodiment. A method of forming a nitride semiconductor 
according to the fourth embodiment is now described in 
detail with reference to Figs. 22 to 27. 

r* 

S First, buffer layers 52 of Si-doped AlGaN having a 

13 

thickness of about 15 nm and an under layer 53 of Si- doped 

I* 

h^- 10 GaN having a thickness of about 2 |iin are formed on the n- 
p type SiC substrate 51 by a crystal growth method such as 

O MOVPE, as shown in Fig. 22. The SiC substrate 51 is an 

ry 

Rj example of the "substrate" according to the present 

invention . 

Striped mask layers 54 of Si02 having a thickness of 
about 0.5 [m are formed on the underlayer 53. The stripe 
patterns of the mask layers 54 are formed in a cycle of 
about 6 [im so that the width of the mask layers 54 is 
about 5 \jaa and the interval between each adjacent pair of 
mask layers 54 (the width of mask openings) is about 1 \m. 
The striped mask layers 54 are formed in parallel to the 
[11-20] direction of the underlayer 53 consisting of Si- 
doped GaN. 

The mask layers 54 are employed as masks for etching 
the surface of the underlayer 53 by a thickness of about 1 



U1 
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\m through RIE or the like. Thus, the surface of the 
underlayer 53 is brought into an uneven shape, as shown in 
Fig. 23. The shape of the projection portions varies with 
etching conditions, such that upper parts of recess 
portions may be larger or smaller in width than bottom 
parts thereof. In the following description, projection 
portions of the etched underlayer 53 are in the form of a 
mesa (trapezoid). The uneven surface of the underlayer 53 
has ridges of a height of about 1 \aa. and they are formed 
in parallel to the [11-20] direction of the underlayer 53 
consisting of Si-doped GaN. 

Then, Si-doped GaN layers 55 are re-grown from the 
bottom and side surfaces, serving as seed crystals, of the 
exposed recess portions of the underlayer 53 consisting of 
Si-doped GaN, as shown in Fig. 24. In an initial stage, 
the Si-doped GaN layers 55 are vertically (upwardly) grown 
from the bottom surfaces of the recess portions of the 
underlayer 53 and also laterally grown from the side 
surfaces of the recess portions of the underlayer 53, as 
shown in Figs. 24 and 25. The Si-doped GaN layers 55 are 
examples of the "first nitride-based semiconductor layer" 
according to the present invention. 

From the state shown in Fig. 25, the Si-doped GaN 
layers 55 are laterally grown on the mask layers 54, as 
shown in Fig. 26. The Si-doped GaN layers 55 laterally 
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grown on the mask layers 54 coalesce into a continuous Si- 
doped GaN layer 55 of about 5 |iin in thickness having a 
flattened surface, as shown in Fig. 27. 

In the method of forming a nitride-based 
semiconductor according to the fourth embodiment, the Si- 
doped GaN layers 55 are grown from the bottom and side 
surfaces, serving as seed crystals, of the recess portions 
of the underlayer 43 consisting of Si-doped GaN as 
hereinabove described, whereby dislocations of the Si- 
doped GaN layers 55 are bent in the in-plane direction of 
the (0001) plane of the Si-doped GaN layers 55 when the 
Si-doped GaN layers 55 are laterally grown from the side 
surfaces of the recess portions of the underlayer 53 or on 
the mask layers 54. Thus, the dislocation density can be 
reduced around the surfaces of the Si-doped GaN layers 55. 

In the method of forming a nitride -based 
semiconductor according to the fourth embodiment, the 
surface of the underlayer 53 is brought into an uneven 
shape as hereinabove described, whereby only the surface 
of the underlayer 53 may be etched. Thus, the etching time 
for forming the projection portions on the surface on the 
underlayer 53 can be reduced as compared with the 
conventional process of forming the projection portions on 
the surface shown in Fig. 30. Consequently, a method of 
forming a nitride-based semiconductor having excellent 
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mass productivity can be obtained similarly to the first 
to third embodiments. 

In the method of forming a nitride-based 
semiconductor according to the fourth embodiment , the 
underlayer 53 consisting of Si-doped GaN is grown after 
forming the buffer layers 52 on the SIC substrate 51, 
whereby the underlayer 53 having low dislocation density 
can be readily formed. 

Fig. 28 is a perspective view showing a semiconductor 
laser device fabricated with the aforementioned method of 
forming a nitride-based semiconductor according to the 
fourth embodiment. The structure of the semiconductor 
laser device fabricated with the method of forming a 
nitride -based semiconductor according to the fourth 
embodiment is now described with reference to Fig. 28. 

In the structure of the semiconductor laser device 
according to the fourth embodiment, an anti-cracking layer 
25, an n-type second cladding layer 26, an n-type first 
cladding layer 27, an MQW emission layer 28, a p-type 
first cladding layer 29, a p-type second cladding layer 30, 
current blocking layers 31 and a p-type contact layer 32 
are formed on the Si -doped layer GaN layer 55 shown in Fig. 
27, similarly to the second embodiment. The compositions 
and thicknesses of the layers 25 to 32 are similar to 
those in the second embodiment . 
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A p-side electrode 33 is formed on a projection 
portion of the p-type contact layer 32 reflecting the mesa 
shape of the p-type second cladding layer 30. The SiC 
substrate 51 has conductivity, and hence an n-side 
electrode 34 is formed on the back surface of the SiC 
substrate 51. 

In the semiconductor laser device according to the 
fourth embodiment, the Si-doped GaN layer 55 having 
excellent mass productivity and low dislocation density 
formed by the method of forming a nitride -based 
semiconductor according to the fourth embodiment shown in 
Fig. 22 to 27 is employed as an underlayer for forming the 
layers 25 to 32 thereon as hereinabove described, whereby 
excellent crystallinity can be implemented in the layers 
25 to 32. Consequently, a semiconductor laser device 
having excellent mass productivity and excellent device 
characteristics can be obtained. 

While the sapphire substrate 41 and the SiC substrate 
51 are employed in the aforementioned third and fourth 
embodiments respectively, for example, the present 
invention is not restricted to this but a spinel substrate, 
a GaN substrate, a GaAs substrate, a GaP substrate, an InP 
substrate, a ZrB2 substrate or a quartz substrate may 
alternatively be employed. 

Although the present invention has been described and 



illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not 
to be taken by way of limitation, the spirit and scope of 
the present invention being limited only by the terms of 
the appended claims. 

While the recess portions of the surfaces of the 
sapphire substrate 1, the Si substrate 21 and the 
under layers 43 and 53 are formed in the height of about 1 
\m in the aforementioned first to fourth embodiments, the 
present invention is not restricted to this but the height 
of the recess portions is preferably set in the range of 
several nm to several \m not reaching the bottom surfaces 
of the sapphire substrate 1, the Si substrate 21 and the 
underlayers 43 and 53. 

While the striped mask layers 2, 22, 44 and 54 are 
formed in parallel with the [1-100] direction of the 
sapphire substrate 1, the [1-10] direction of the Si 
substrate 21 and the [11-20] directions of the GaN 
underlayers 43 and 53 in the aforementioned first to 
fourth embodiments respectively, the present invention is 
not restricted to this but the striped mask layers may 
alternatively be formed in a direction different from the 
aforementioned ones. For example, the mask layers 44 and 
45 according to the third and fourth embodiments may be 
formed in parallel with the [1-100] directions of the GaN 
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underlayers 43 and 53. 

While the projection portions of the surfaces of the 
sapphire substrate 1, the Si substrate 21 and the 
underlayers 43 and 53 are formed in parallel with the [1- 
100] direction of the sapphire substrate 1, the [1-10] 
direction of the Si substrate 21 and the [11-20] 
directions of the GaN underlayers 43 and 53 in the first 
to fourth embodiments respectively, the present invention 
is not restricted to this but the projection portions of 
the surface may be formed in a direction different from 
the above. For example, the projection portions of the 
surfaces of the underlayers 43 and 53 according to the 
third and fourth embodiments may alternatively be formed 
in parallel with the [1-100] directions of the GaN 
underlayers 43 and 53. 

While the mask layers 2, 22, 44 and 54 and the 
openings thereof are formed in a striped shape in the 
aforementioned first to fourth embodiments, the present 
invention is not restricted to this but the mask layers 
may alternatively be formed in a circular, hexagonal or 
triangular shape, and the openings thereof may also be 
formed in a circular, hexagonal or triangular shape. When 
the mask layers and the openings thereof are formed in a 
hexagonal or triangular shape, the sides of the hexagons 
or triangles may match with any crystal orientation. 
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While the recess and projection portions of the 
surfaces of the sapphire substrate 1, the Si substrate 21 
and the under layers 43 and 53 are formed in a striped 
shape In the aforementioned first to fourth embodiments, 
the present invention is not restricted to this but the 
recess portions or the projection portions of the surfaces 
of the sapphire substrate 1, the Si substrate 21 and the 
underlayers 43 and 53 may alternatively be formed in a 
circular, hexagonal or triangular shape. When the recess 
or projection potions are formed in a hexagonal or 
triangular shape, the sides of the hexagons or triangles 
may match with any crystal orientation. 

While the nitride -based semiconductors are employed 
for preparing semiconductor laser devices in the 
aforementioned first to fourth embodiments, the present 
invention is not restricted to this but also applicable to 
another device such as a light emitting diode device or a 
transistor employing a nitride-based semiconductor. 

In each of the aforementioned first to fourth 
embodiments, the nitride-based semiconductor may have a 
wurtzite crystal structure or a zinc blende crystal 
structure . 

While crystal growth of each nitride-based 
semiconductor layer is performed by MOVPE in the 
aforementioned first to fourth embodiments, the present 



invention is not restricted to this but crystal growth may 
alternatively be performed by HVPE or gas source MBE 
employing TMAl, TMGa, TMIn, NH3, SiH or Cp2Mg as source gas. 

In each of the first to fourth embodiments, the 
bottom surfaces of the recess portions of the surface of 
the sapphire substrate 1, the Si substrate 21 or the 
underlayer 43 or 53 are preferably formed in a width 
within the range of several 100 nm to several 10 \m. 

While the n-type first cladding layers 8 or 27 and 
the p-type first cladding layers 10 or 29 consist of GaN 
in the aforementioned first to fourth embodiments, the 
present invention is not restricted to this but the first 
cladding layers may consist of other materials having a 
wider bandgap than the MQW emission layer. For example, 
AlGaN such as Alo.01Gao.99N, InGaN such as Ino.01Gao.99N, or 
AlGaInN such as Alo.oiGao.gsIno.oiN may be employed as the 
materials constituting the first cladding layers. 



